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The purpose of this study was to  determine discharge 
coefficients for orifices in unusual geometric 
configurations, to aid in  the design o f  orifice filling 
systems for automatic spillway gate controls. 

CONCLUSIONS 

Based on present tests: 

The results of these tests are for the u e  o f  Bureau o f  
Reclamation designers in designing structures requiring 
specific types of orif ice controls. The criteria presented 
are generally applicable to any problem requiring 
knowledge o f  orifice discharge coefficients. Hoeever, 
the coefficients far the "less-than-ideal" 
apply only t o  those particular configurat 

INTRODUCTION 
1. Upstream approach configurations were found to  
have negligible effect on discharge coefficients. Th rifice controls have been used in  connection with 
coefficients were within 1 percent of tho tomatic spillway gates at several locations in  the pan 
determined for ideal approach conditions. few years. Use of such controls on future installations 

will depend upon,the reliability o f  the computed flow 
2. Coefficients for orifices in the wall of a pipe a e through the orifices. T ~ P  orifice discharge governs 
affected by the wall curvature. The jet contracti relationship between spillway gate opening and 
is modified and the effective orifice area is increased reservoir elevation. 
over that for a corresponding plane orifice. The data I 

did not reveal haw these effects should be . Accurate design requires 3-place discharge coefficients 
,--7- separated. .,,; % ' for 1- and 8 inchdiamet~.  squareedged, circular 

orifices in logage plate, under heads up to  100 feet. 
3. Opposing 1.9-inch orifices in a 10-inch pipe had Information on the following confi 
no effect on the discharge coefficient. requested: 

Based on theory and tests performed by others: 
- 

1. Orifice in  a vertical plane 

1. The coefficient for orifice flow against a flat 2. Orifice in  a horizontal plane 



appropriate findings, and by reference to theory. In the present data. However, the maximum difference is 
order to expedite the laboratory work, some tests were only about 1 percent. This difference could easily be 
modified slightly from the requirements listed above. due to exp~imental errors in either the present or 

previous tests, or both. 

TEST 'APPARATUS Reliable data could not be obtained for the 1-inch 

I 
orifice because of difficulties in accurately measuring 

The equipment used fcr investigating the effects of the the very low discharps. The coefficients should be the 
three basic configurati~?ns listed above consisted of a same as those indicated by Blackburn's curves. 
3-footdiameter, 6-foot-long steel tank to which the 
orifices and approach ~~ ip ing  were attached. Heads were Orifice in a Horizontal Plane 
measured at taps located at quarter-points on the 
periphery of the flangii to which the orifice plates were Because the tests on the orifice in the vertical plane 
attached. The taps we(e connected to open-tube water resulted in coefficients nearly equal to previously 
or mercury manometen, depending on the head. accepted values, studies of an orifice in a horizontal 
Discharges were meas~~red with venturi meters which plane were not made. Only for low heads, when the 
are a permanent part of the laboratory system. head and velocity exhibit an appreciable variation from 

/ I  top to bottom of the pipe, would the coefficients for 
The special conditi"ns, also listed above, were the vertical. plane be expected to differ from those for 
investigated with a full scale model of the orifice the horizontal plane. . 
control configuration for the spillway gates at Norton I 

Dam. The system was enzlosed in a 12-foot-high Orifice in a Vertical Plane 
rectangular tank withi,a plexiglass viewing window on Approached by Two Inverted 

go0, 6-inch ~ k b w s  

eir lo{cpl  The test rig is shown in Figure 10. Figure 2 shorn that 
ikharge of the coefficients for low heads follow a trend similar to 

ed with the that with a straight ,ap 
weighing the approximately- 20 feet the cot 

percent lawer than the values f 

unnecessary. ' 
! 

orifides in Wall of Pipe 
i 

1 

The test rig is shown in Figure'l,?. Data points for a was used to study some of the remai 
5inch orifice in a logage plate, placed concentrically Several different size orifices in 
in the end of a 10-inchdiameter, 4-foot-long pipe are 10-inch-inside-diameter 
shown in Figure 2. , 

,I' 1 

The coefficients have an average value of 0.607 for 
heads between 20 and 100 feet. Below 20 feet, the 
coefficients show qu3te a large scatter and general 
increase with decreasGg head. These trends are caused 

,. by the jet clinging to the inner surface of the orifice, 
instead of springing clear at  the upstream edge.' The that the evect of wall thickness may have obscured the 
contraction of the jet is reduced, thus resulting in a effect of )orifice size. The orifices were cut so that the 

^ 

corresponding increase in the discharge coefficient. The sides of the orifice were pa 
scatter results from the instability of this phenomenon. size would affect the shape of the 

i f  
if 1 

':~ing, H. W., Wisler, C. O., and Woodburn, J. G., "Hydraulics," Fiffh Edition, John Wil 
York, 1948, fig. 62, p 130. , I / 
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FIGURE 
REPORT 

i' 'i' 
A. Test rig for 3-inch orifice pljlced conccntrically in 10-inchdia.~?eter, 

4-foot-long pipe. Photo ~ ~ ~ ~ - 6 4 8 6 3 y  , I  1 

f l  , 
a. Test rig for Sinch pipe, approached by two I 

inverted 90' elbows. Woto VX-D-64862 1, 
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ORIFICES FOR AUTOMATIC SPILLWAY GATE CONTROLS 

\ Correlation of Dischzge Coeff icicnt with Angle of , 
.Side Contraction, Orifices in Wall of 10-inch Diameter Pipe 

" - 
I:, % 

L- 





FIGUR~ 
REPORT 

7 
HYD 










